Abstract
INTRODUCTION

Hepatitis C virus (HCV) infection affects 130 million
BRIEF ARTICLE
people worldwide causing chronic hepatic inflammation that in about 20% of the patients evolves to liver cirrhosis and/or hepatocellular carcinoma [1] . The progression of chronic hepatitis C (CHC) is not linear and is greatly influenced by a variety of factors including male gender, age at the infection, obesity, co-infection with hepatitis B or HIV viruses, alcohol consumption and iron overload [2, 3] . The diffusion of anti-HCV therapies based on the association of pegylated interferon and ribavirin will probably modify the natural history of the disease, as more than half of the treated patients achieve a sustained eradication of the virus [4, 5] . Nonetheless, for those patients who do not respond to anti-viral therapy, have contraindications to the use of interferon or cannot afford the therapy costs there is an urgent need of other therapeutic options capable of preventing the progression of the disease.
Mild hepatic iron accumulation is frequent in CHC patients and is associated with higher aminotransferase levels and more severe fibrosis [6] . Moreover, experimental studies have shown that dietary supplementation with iron worsens hepatic damage in HCV-infected chimpanzees and promotes the onset of hepatocarcinomas in transgenic mice expressing the HCV core protein [7, 8] . Growing evidence indicates that HCV proteins stimulate the formation of reactive oxygen species within hepatocytes and oxidative stress associated with HCV infection is recognized as an important factor in the pathogenesis of hepatic damage in CHC [9] . In this context the capacity of iron to exacerbate oxidative damage suggests that iron accumulation might amplify oxidative stress-mediated events leading to both hepatocellular damage as well as to the pro-fibrogenic activation of hepatic stellate cells [10] . In recent years several groups have reported on the efficacy of iron reduction therapies based on phlebotomy in combination or not with an iron-restricted diet in reducing aminotransferase levels in CHC patients nonresponders to the interferon treatment [11] [12] [13] [14] [15] [16] . However, in many of these studies the iron depletion (serum ferritin below 20 ng/mL) was rather severe [13] [14] [15] [16] . We have previously reported that menstruating women experienced a milder CHC than men of the same age in relation to the lower hepatic iron concentration (HIC) due to blood loss [17] . As patient compliance to long-term iron depletion is an important factor in the success of this therapy we have investigated whether, and in which conditions, mild iron depletion (serum ferritin ≤ 70 ng/mL) might be effective in inducing histological improvement in a group of Caucasian patients with CHC not responding to anti-viral therapy or having contraindications to the use of interferon, who were histologically re-evaluated within 2-5 years from the first liver biopsy and the start of iron depletion therapy.
MATERIALS AND METHODS
Patient selection
In this study we investigated retrospectively 28 patients (21 men, 7 women; mean age 58 ± 7.6 years) with CHC, who were either non responders (n = 13) or had contraindications to antiviral therapy (n = 15) who gave informed consent to be treated between January 2001 and December 2006 exclusively with iron reduction by phlebotomy in two Italian centres (Ospedale Maggiore della Carità in Novara and Spedali Civili in Brescia) and underwent liver biopsies before phlebotomy and 2 to 5 years after the achievement of iron depletion. Criteria of exclusion were alcohol intake > 80 g/d, active drug addiction, HBs-Ag and/or HIV-Ab positivity, personal or familial history of haemochromatosis, haemoglobin < 13 g/dL for men and < 11 g/dL for women, interferon based therapy or immunosuppressive therapy during the last 6 mo, and refusal to undergo liver biopsies before and at the end of phlebotomy. The mean daily alcohol intake was evaluated by trained medical staff according to a standardized questionnaire, presented as part of a survey on life habits. Genetic tests for haemochromatosis mutations were not performed. However, HIC, iron index and the amount of iron removed during phlebotomy excluded phenotypic haemochromatosis.
All the patients underwent an initial period of bimonthly or monthly phlebotomy of 250 mL of blood, until serum ferritin levels of 35 ng/mL or less were reached. Thereafter, maintenance phlebotomies were performed every 1 to 3 mo during a minimum 2 years period to maintain a serum ferritin level at 70 ng/mL or less. In the case of haemoglobin values < 11 g/dL phlebotomy was postponed until haemoglobin levels exceeded the cutoff. For all patients histology was re-evaluated by a second liver biopsy after a period of 48 ± 16 mo, as part of a study approved by a local ethical committee to evaluate on an individual basis whether iron depletion by phlebotomy was effective and worth being continued.
None of the patients were treated with antiviral drugs during the study. Eight patients were on oral treatment for chronic unrelated diseases (hypertension, diabetes, vascular diseases) and another diabetic patient was treated with insulin. All were allowed to continue with these treatments throughout the study period.
The demographic, clinical and laboratory characteristics of the patients included in the present study are summarized in Table 1 . The study was planned according to the guide-lines of the local ethical committee in conformity the 1975 Declaration of Helsinki.
Assessment of liver histology
Liver biopsies were performed using a modified Menghini procedure. Five micron-thick sections were stained with haematoxylin/eosin, Masson's trichrome and periodic acid-Schiff after diastase digestion as well as with the Gomori's method for reticulin and the Perls's method for iron staining. Only specimens with a minimum length of 15 mm and at least 6 portal tracts were considered adequate for histological assessment. Liver biopsy specimens were scored in a blind fashion (including the datepre or post phlebotomy) by two expert pathologists (RB, CB) unaware of the clinical data. In the case of discordant opinions, the two examiners analyzed the discrepancies to reach a consensus.
The original histology activity index proposed by Knodell [18] was used for grading inflammation/necrosis and for staging fibrosis. By this scoring system inflammation/necrosis score ranges from 0 to 18 (0-10 periportal ± bridging necrosis, 0-4 intralobular degeneration and focal necrosis, 0-4 portal inflammation), while fibrosis stage includes only four stages: 0 (no fibrosis), 1 (fibrous portal expansion), 3 (bridging fibrosis), 4 (cirrhosis). Steatosis was scored semi-quantitatively as: 0, no steatosis, 1, steatosis ≤ 33% of hepatocytes, 2, steatosis in 34%-66% of hepatocytes, 3, > 66% of hepatocytes. Intrahepatic iron deposition was evaluated in specimens stained by the Perls' method and evaluated using the Searle's semi quantitative score [19] . As in previous studies, patients were defined to have a histological improvement when they showed at least one point reduction in the staging score or, in the case of an unchanged staging score, at least a two point reduction in the grading score [20, 21] .
Measurement of hepatic iron content
HIC was measured by atomic absorption spectroscopy on a portion of each liver biopsy, as previously reported [22] , and the values were expressed as μmol/g dry weight.
Hepatic iron index was calculated to rule out phenotypic hemochromatosis.
Statistical analysis
Stata Statistical Software (release 9.0 College Station, Stata Corporation, TX, USA) was used in all the statistical analyses. Each variable predictive or associated with presence of histological response was analysed with univariate logistic regression. The variables selected by the univariate analysis were entered into logistic regression models with the use of a forward stepwise elimination algorithm (terms with P > 0.05 were eligible for removal). The paired Student's t-test was used to compare the continuous variables among groups and the Wilcoxon matched-pairs signed-rank test was used to compare discrete variables among groups.
RESULTS
The long-term effects of mild iron depletion by phlebotomy were investigated in 28 CHC patients who were either non responders or had contraindications to antiviral therapy and received intensive phlebotomy followed by maintenance phlebotomy to maintain serum ferritin levels below 70 ng/mL. All the patients underwent a histological re-evaluation by a second biopsy within 2-5 years from the achievement of iron depletion. Two patients (a man aged 65 years and a woman aged 68 years who were treated with phlebotomy, respectively for 31 and 29 mo) were excluded from the study, because the second liver biopsy specimens did not meet the established criteria -minimum length and number of portal tracts -and, therefore, were not consider adequate. Both showed a decrease of HIC and aminotransferase levels > 50%.
The patients showed excellent compliance to phlebotomy. In particular, none of the patients reported increased fatigue, reduced exercise capacity, cheilosis, koilonychias or other side effects related to mild iron depletion.
The changes in clinical and laboratory values before and at the end of therapy are shown in Table 2 . As expected hemoglobin, transferrin saturation, serum iron, serum ferritin, hepatic iron grade and the HIC were significantly decreased in phlebotomized patients (Table 2) . At the time of the second biopsy aspartate aminotransferase (AST) (P < 0.0001), alanine aminotransferase (ALT) (P = 0.001) and γ glutamyltranspeptidase (GGT) (P = 0.004) levels were significantly lowered after phlebotomy (Table 2) . Overall, ALT levels decreased in all 28 phlebotomized patients, while AST and GGT levels were lowered, in respectively, 27/28 (96%) and 22/28 (78%) of the patients (Table 3) . Moreover, 7 out of the 28 phlebotomized patients (25%) achieved persistently normal aminotransferase levels during the iron-depleting treatment. No statistical correlation was found between the decreases of HIC and those of ALT levels (r = 0.22, Data were available for 26 out of 28 patients. Steatosis grade: 0, no steatosis; 1, ≤ 33% of hepatocytes; 2, 34%-66%; 3, > 66%. P = 0.26). Mean alcohol intake slightly decreased during phlebotomy (15 ± 18 g/d vs 7.5 ± 9.7 g/d, P = 0.034) as a possible consequence of counseling. Serum HCV RNA levels were determined before and at the end of phlebotomy in 20/28 patients and no significant difference was observed (4.5 ± 3.6 × 10 6 copies/mL vs 4 ± 3.5 × 10 6 copies/mL, P = 0.11). Overall, the scores for the necroinflammatory grading and the fibrosis staging were not modified by iron depletion (Table 2) . However, by evaluating the histological improvement, as defined by at least one point reduction in the individual staging score or, in the case of unchanged staging, as at least two points reduction in the grading score, we observed that after phlebotomy 5 patients showed a reduction in both the grading and the staging scores and 7 had a two or more points reduction in the grading score with unchanged staging score (Table 3) . Therefore, the frequency of histological improvements in the subjects undergoing mild iron depletion was 43% (12 out of 28).
Histological improvement was not significantly associated with the reduction of alcohol intake (reduction > 50%, P = 0.11), or body mass index (P = 0.12), nor was predicted by the magnitude of the reduction of the aminotransferase levels that occurred during iron depletion (reduction > 50%, P = 0.4) ( Table 3) . However, the patients with histological improvement had HIC significantly higher than in those without (26.55 ± 6.37 vs 20.81 ± 6.47, P = 0.028) ( Table 3) .
To determine the factors responsible for the histological improvement induced by long-term mild iron depletion, univariate logistic analysis of the putative predictors was performed (Table 4) . We observed that only the males responded to treatment. Moreover, alcohol intake (P = 0.034), high histological grading (P = 0.013) and high HIC before phlebotomy (P = 0.043) were significantly associated with the histological improvement (Table 4) . At multivariate logistic analysis, high HIC was the only independent predictor (OR = 1.41, 95% CI: 1.03-1.94, P = 0.031) of the histological improvement (Table 4) . Furthermore, receiver operating characteristics (ROC) curve showed that HIC ≥ 20 μmol/g was a suitable cut-off value (sensitivity 91.7%; specificity 66.7%) to discriminate CHC patients with histological improvement (Figure 1) . Indeed, 12 out of 17 men (70%) with HIC ≥ 20 μmol/g dry tissue at the time of the first biopsy achieved histological improvement following the mild iron depletion.
DISCUSSION
Iron accumulation is a common feature of liver biopsies from CHC patients and HCV infected patients with increased hepatic iron content show increased serum aminotransferase and liver fibrosis as compared to patients without iron accumulation [6] . Moreover, elevated iron indices have been associated with a poor response to interferon therapy [6] . At present, the mechanisms responsible for hepatic iron accumulation during HCV infection are not fully understood. It has been proposed that necroinflammation sustained by the virus together with genetic factors that modify iron trafficking might contribute to the alterations in iron homeostasis [6, 23, 24] . Recent studies in transgenic mice expressing the HCV polyprotein have shown
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February 7, 2010|Volume 16|Issue 5| WJG|www.wjgnet.com that iron accumulation is associated with a low mRNA expression of hepcidin [25] , a 25 amino acid peptide synthesized in the liver that regulates iron efflux from the enterocytes as well as the recycling of the metal by the macrophages [26] . Low liver hepcidin mRNA levels have also been detected in patients with CHC [27] , suggesting the possibility that iron accumulation in CHC might be due to an inappropriate hepcidin response. According to the importance of iron as a worsening factor in the progression of CHC several studies have demonstrated that lowering of hepatic iron by phlebotomy alone or in combination with an iron-restricted diet reduces serum aminotransferase levels in CHC patients who failed a sustained virological response by interferon-based treatment [11] [12] [13] [14] . Although phlebotomy does not interfere with HCV RNA levels [12] , the efficacy of long term iron reduction in preventing the evolution of CHC has been substantiated by a recent histological follow-up study [16] . In their report Yano et al [16] showed that a 5 years iron-reducing treatment significantly lowered necroinflammatory grading and prevented the increase in fibrosis staging when they compared two sequential liver biopsies from non-responder CHC patients to interferon receiving or not phlebotomy. In addition, Kato et al [28] have reported that phlebotomy in combination with an iron-restricted diet significantly reduces the development of hepatocarcinomas associated with CHC. Although none of these studies reported side effects of iron lowering (serum ferritin below 20 ng/mL), the long term compliance to such a condition might be problematic in many patients. Therefore, in the present study, we investigated whether, and in which condition, mild iron depletion (serum ferritin below 70 ng/mL) might be effective in inducing histological improvement. Considering that iron depletion might be a simple and inexpensive treatment for those patients not responding to antiviral therapy or having contraindications to the use of interferon it would be important to verify whether similar results might be obtained by a milder iron depletion.
The present study shows that attaining serum ferritin levels ≤ 70 ng/mL is effective in decreasing aminotransferase release in Caucasian CHC patients and that 25% of the phlebotomized subjects achieve persistently normal aminotransferase levels during the iron-depleting treatment. Unlike Yano's report [16] we did not observe significant changes in the median values of the necroinflammatory score among patients receiving phlebotomy. This likely reflects the lower degree of iron reduction achieved in our patients. However, the different scoring system used for evaluating necroinflammation, as well as the bias caused by the worsening of the grading in our phlebotomized patients who do not respond to iron depletion, might also account for the discrepancy. Nonetheless by taking into account the individual responses to treatment we have observed that mild iron depletion causes histological improvement in male subjects. In these patients multivariate logistic analysis reveals that increased HIC is the only independent predictor of the histological response to mild iron depletion. By using ROC curve we also found that a HIC ≥ 20 μmol/g can be used as cut-off to discriminate the CHC patients with high probability of histological improvement while undergoing mild long-term iron depletion. So far the mechanisms responsible for the beneficial effects of phlebotomy in preventing the evolution of CHC have not been characterized in detail. Recent observations suggest that HCV proteins stimulate the formation of reactive oxygen species within the hepatocytes [9] . Thus, iron accumulation probably amplifies oxidative stress-mediated events, worsening both hepatocellular damage and fibrogenic processes. Indeed, mild iron accumulation in the liver of transgenic mice over-expressing HCV polyprotein enhances lipid peroxidation [8] . Supporting this view, a recent paper by Fujita et al [29] shows that the immunohistochemical detection of 8-hydroxy-2' deoxyguanosine (8-OHdG), a well recognized marker of oxidative stress, is strongly increased in liver biopsies from CHC patients. In these patients hepatic 8-OHdG levels are significantly associated with the hepatic iron content as well as with the necroinflammation indices. Interestingly, iron depletion by phlebotomy greatly reduces the liver content of 8-OHdG in patients with CHC [30] , suggesting that the efficacy of phlebotomy in preventing the progression of CHC might rely on the reduction of oxidative damage promoted by the combination of HCV infection and iron accumulation. In this context, our observation that a high HIC is an independent predictor of the histological response to mild iron depletion further points to the possible importance of iron-mediated oxidative damage in the progression of CHC.
In conclusion, the study shows that mild iron depletion might be effective in improving liver histology in Caucasian CHC males with low-grade iron overload nonresponders or with contraindications to established antiviral treatments. Prospective randomized studies should further address the long term efficacy of mild iron depletion in CHC patients with signs of iron accumulation.
COMMENTS
Background
Iron reduction therapies based on phlebotomy reduce aminotransferase levels and can improve liver histology in patients with chronic hepatitis C (CHC).
Research frontiers
Although the management of patients with CHC has been improved by antiviral therapies, there is still an urgent need for alternative therapeutic options capable of preventing the progression of the disease in those patients who do not respond to antiviral drugs, have contraindications to the use of interferon and/or ribavirin or cannot afford the cost of therapy. Therefore, it is important to know which patients can benefit from iron reduction therapies.
Innovations and breakthroughs
The present study shows that male CHC Caucasian patients, with low-grade iron overload (hepatic iron concentration ≥ 20 μmol/g), non-responders or with contraindications to antiviral therapy can particularly benefit from mild iron depletion by long-term phlebotomy.
Applications
This retrospective study demonstrates that mild iron depletion is a safe and effective strategy for preventing the histological progression of the disease in males with CHC and low-grade iron overload. Further randomized prospective studies are warranted.
Terminology
In this study mild iron depletion means the achievement of a ferritin level below 35 ng/mL after intensive phlebotomy and a ferritin level below 70 ng/mL during long-term maintenance phlebotomy.
